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Abstract
The production of electroweak bosons (photons, W and Z particles) in PbPb collisions at a centre-
of-mass energy per nucleon pair of 2.76 TeV has been measured with the CMS detector at the
LHC. Direct photons are selected by applying isolation criteria, while W and Z bosons are recon-
structed through their muonic decay. The production rates in PbPb data are studied as a function
of the collision centrality and compared to that in pp interactions (or next-to-leading-order calcu-
lations), once normalised by the number of binary nucleon-nucleon interactions. Apart from an
expected asymmetry between W+ and W− due to the diﬀerent quark content of protons and Pb
nuclei, no deviation from binary-scaled production is observed. The isolated-photon energy is
further used as a reference for away-side jets, which are found to be less energetic in PbPb than
in pp collisions.
1. Introduction
The measurement of electroweak bosons (photon, W and Z) represents one of the basic tests
of the Standard Model of elementary particles. These bosons (and their leptonic decays) are not
expected to interact with the hot and dense strongly-interacting medium created in heavy-ion
collisions. Their measurement can thus serve to 1) at ﬁrst order check that they are unmodiﬁed
and establish the validity of the binary-scaling hypothesis, 2) if indeed unmodiﬁed, promote them
to references to modiﬁed probes, such as in photon-jet measurements, and 3) if slightly modiﬁed,
ultimately constrain the initial state of the collision, in particular the nuclear parton distribution
functions (PDF).
From the ﬁrst PbPb run at the LHC, corresponding to approximately 7 μb−1 integrated lu-
minosity, the CMS collaboration has published results on photons [1], Z bosons [2] and W
bosons [3]. A companion pp run at a centre-of-mass energy of 2.76 TeV was also taken. Its
integrated luminosity, 231 nb−1, approximately corresponds to the binary-scaled ﬁrst PbPb run.
From the second PbPb run, corresponding to approximately 150 μb−1 the correlation of photons
with jets was submitted for publication in [4], and preliminary results on Z-boson production
were shown for the ﬁrst time at this conference [5]. Corresponding measurements from the
ATLAS collaboration are reviewed in [6].
The CMS experiment [7] is well suited to measure photons, electrons and muons. In par-
ticular, the photon energy resolution is still of the order of 10% for photons of 20 GeV in the
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most central PbPb collisions [1]. The muon momentum resolution is below 2% up to 100 GeV/c,
essentially unaﬀected by the heavy-ion environment, allowing very clean Z and W boson mea-
surements. No results are currently available from the electron channels, though these signals
are also seen.
2. Z bosons
Figure 1 (left) shows the dimuon invariant mass between 60 and 120 GeV/c2 for opposite-
charge muons of transverse momentum (pT) greater than 20 GeV/c, from the second PbPb run.
No same-charge muon pairs are found within the kinematics and analysis selection criteria.
These 616 candidates, fully corrected for acceptance and eﬃciency and divided by the centrality-
integrated nuclear overlap function2 (TAA) yield to the square blue point on the ﬁgure 1 (right).
Once split in six centrality classes, and divided by the corresponding TAA, one gets the red cir-
cles, positioned at the average number of participating nucleons (Npart). Within uncertainty,
no centrality dependence is observed. Instead of using the available low-statistics pp data at
2.76 TeV, comparison is made to the cross section predicted by the next-to-leading-order (NLO)
POWHEG generator [8], that is known to reproduce the Tevatron (2 TeV) and LHC (7 TeV) data
and to suﬀer from 5% typical uncertainty from next-to-next-to-leading-order (NNLO) correc-
tions and PDF uncertainties. This cross section, compatible with the PbPb measurement leads to
a centrality-integrated nuclear modiﬁcation factor RAA(Z) = 0.95 ± 0.03 (stat.) ± 0.13 (syst.).
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Figure 1: Left: dimuon invariant mass spectrum between 60 and 120 GeV/c2. Right: Event centrality dependence of the
Z→ μ μ yield per event divided by the expected average nuclear overlap function TAA.
The transverse momentum and rapidity distributions of the Z candidates are also investigated
and found compatible with the POWHEG generator [5].
2The nuclear overlap function is proportional to the number of elementary nucleon-nucleon collisions and stands for
the pp-equivalent luminosity of PbPb collisions. Yields in PbPb collisions divided by TAA are thus directly comparable
to pp cross sections.
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3. W bosons
The W bosons are primarily identiﬁed by a high pT muon (above 25 GeV/c). The missing
transverse momentum corresponding to the neutrino is then searched by summing up charged
particles of pT greater than 4 GeV/c, and only events missing more than 20 GeV/c are kept.
Finally, the transverse invariant mass mT is computed from the muon and missing pT. Though it
has a slightly worse resolution due to the PbPb underlying event (reproduced by embedding the
W signal in generated PbPb events), the mT distribution shows a clear W peak with negligible
background. For details, see Ref. [3].
The W analysis was carried out on the ﬁrst PbPb run only, and can thus be statistically
compared to the pp data at the corresponding energy. This is done on ﬁgure 2, with the pp
cross sections displayed as diamonds at Npart = 2. The yields in PbPb collisions divided by TAA
are displayed as open symbols at Npart  120 for the centrality-integrated analysis and as full
symbols for ﬁve diﬀerent centrality classes. Within uncertainties, no centrality dependence is
observed. When no distinction of the W charge is made (upper red circles), the binary-scaled
yield in PbPb is also compatible with pp, leading to a RAA(W) = 1.04± 0.07 (stat.)± 0.12 (syst.).
However, when the W+ and the W− are separated, the normalised yields in pp and PbPb collisions
do not match. This reﬂects the diﬀerent quark contents of protons and Pb ions: the leading
production mechanism being ud → W+ and du → W−, fewer W+ are created in PbPb than
in pp simply because there are fewer u quarks in the initial state. The observed modiﬁcations,
RAA(W+) = 0.82 ± 0.07 (stat.) ± 0.09 (syst.) and RAA(W−) = 1.46 ± 0.14 (stat.) ± 0.16 (syst.) are
compatible with this so-called isospin eﬀect.
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Figure 2: Event centrality dependence of the W→ μ ν yield per event divided by the expected average nuclear overlap
function TAA.
The W production and decay mechanisms have another implication on the muon yields. Since
W bosons are dominantly created from a left-handed valence quark and a right-handed sea an-
tiquark, they are mostly left-handed and emitted in the valence quark direction, thus towards
non-zero rapidity. The W+ decays to a left-handed neutrino and a right-handed positive lepton,
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which is thus boosted back towards midrapidity, while the W− decays to a left-handed negative
lepton which is boosted towards higher rapidity. This creates a strong muon-charge asymmetry
as a function of the muon (pseudo)rapidity, that is not speciﬁc to heavy-ion collisions but has dif-
ferent magnitude in pp and PbPb due to their diﬀerent quark contents. This is shown on ﬁgure 3,
where the muon charge asymmetry, N(μ+)−N(μ−) / N(μ+)+N(μ−) is plotted as a function of the
muon pseudorapidity. The curves (that quantitatively agree with data) are NNLO prediction for
pp and PbPb collisions, the later including isospin eﬀect, and using the EPS09 nuclear PDF [9].
However, the modiﬁcations due to EPS09 are too small (0.03 at most) to be observable on the
ﬁrst PbPb run and the modiﬁcations only reﬂect the dominant isospin eﬀect.
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Figure 3: Muon charge asymmetry as a function of muon pseudorapidity for pp and PbPb collisions at 2.76 TeV.
4. Isolated photons
Direct prompt photons produced via quark-gluon Compton scattering or quark-antiquark an-
nihilation are separated from the photons arising from parton fragmentation processes (mainly π0
and η decays) by applying isolation criteria in the tracker, electromagnetic and hadronic calorime-
ters, followed by shower-shape criteria in the highly segmented electromagnetic calorimeter. For
details, see Ref. [1].
Figure 4 (left) shows the measured isolated-photon pp cross section (lower set of points) and
PbPb yield divided by TAA integrated over centrality (second set) and in three centrality classes
(top three sets). The pp data is from the 2.76 TeV run and the PbPb data from the ﬁrst low-
statistics run. Points are shifted upward by arbitrary amounts for visibility, but the same pp NLO
predictions from the JETPHOX generator [10] are shown to match the data for each spectrum.
Within uncertainties, no centrality dependence is thus observed. In ﬁgure 4 (right), we divide the
results from the most central PbPb collision bin by those of pp to produce an RAA, equal to unity
within the statistical and systematic errors.. Various nuclear PDF modiﬁcations are displayed.
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Figure 4: Left: Isolated photon spectrum for pp and PbPb collisions at 2.76 TeV, normalised by TAA. Right: Isolated
photon nuclear modiﬁcation factor for the most central collisions.
The uncertainty on the EPS09 calculation is shown as a pair of dashed lines and illustrate that
the uncertainties are still too large to constrain nuclear PDFs.
5. Photon+jet
Isolated photons are also looked for in the second PbPb run. The 20-fold increase in statistics
allows reaching higher pT and searching for an opposite-side jet. As shown on ﬁgure 5 (left),
the jet to photon ratio of transverse momenta (xJγ = p
jet
T /p
γ
T) is reduced in PbPb collisions
(full circles) with respect to pp collisions (squares) or unquenched gamma-jet events embedded
in a heavy-ion environment (open circles). This reduction is of about 14% for this analysis,
with speciﬁc thresholds (photon pT > 60 GeV/c, jet pT > 30 GeV/c and azimuthal jet-photon
anticorrelation of Δφ > 7π/8) and jet deﬁnition (anti-kT algorithm with a distance parameter of
R = 0.3). The fraction of photons for which a jet is found is shown on ﬁgure 5 (right), showing
that 20% more photons are unassociated in PbPb with respect to pp, within the same thresholds
and jet deﬁnition. For details, see Ref. [4].
This observation is one of the many manifestations of jet quenching. A review of the CMS
measurements on this subject can be found in Ref. [11].
6. Summary
The main conclusions of the above studies are summarised on ﬁgure 6: electro and weak
boson production is consistant with the binary-collision scaling hypothesis (RAA = 1) and can
thus serve as reference to modiﬁed probes (here, b-quarks accessed via displaced J/ψ and lead-
ing hadrons reﬂecting jet quenching). More statistics could reveal PDF modiﬁcation. Already
available, the W from the second run, as well as the electronic decay channels of W and Z are still
to be analysed. The upcoming pPb run should provide similar binary-scaled statistics (30 nb−1).
On the longer term, after the ﬁrst long LHC shutdown, a signiﬁcant Z+jet event sample will be
available, with approximately one Z+jet event of pT > 50 GeV/c per inverse microbarn.
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Figure 5: Left: mean values of the jet to photon pT ratio as a function of centrality, for photons of pT > 60 GeV/c and
jets of pT > 30 GeV/c. Right: Fraction of photons associated to an opposite-side jet.
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Figure 6: Nuclear modiﬁcation factors from various probes. Isolated photons, Z and W bosons are unmodiﬁed while
hadrons are, such as b quarks (from secondary J/ψ) and charged particles dominated by leading hadrons reﬂecting jet
properties.
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